Introduction 1
The search for methods for estimating sensible (H) and latent (λE) heat fluxes using low-cost, 2 transportable and robust instrumentation constitutes a subject of interest. Surface renewal (SR) 3 analysis for estimating scalar exchange has the advantage that only requires measurement of the 4 scalar at a point. Therefore, SR analysis is affordable and avoids requirements such as levelling, 5
shadowing, fetch and measurement of other meteorological variables (Paw U et al., 1995 and 2005) . 6 SR analysis has been mostly used for estimating H. Such experiments include measurements taken 7 close to and well above different surfaces such as bare soil, homogeneous, heterogeneous, short and 8 tall vegetation. Most of these studies have focused on analysing the performance of parameter α in 9 Eq. (1) (Castellvi, 2004; Paw U et al., 2005) . Although SR analysis is valid for any other scalars 10 such as water vapour, little has been published about other scalars. The aim of this paper was to test 11 the performance of two SR analysis approaches for estimating both H and λE: 1) SR analysis using the expression for parameter α proposed by Castellvi (2004) ; and 2) combining the surface energy 13 balance equation and estimates of the Bowen ratio using SR analysis to avoid the dependence on 14 parameter α. where: C p , ρ and λ are the specific heat of air at constant pressure, air density and latent heat of 20 vaporization, respectively. Parameter α is a factor that corrects the unequal amount of the scalar (T, 21 air temperature; q, water vapour density) from the measurement height to the ground. For H, a 22 summary of research carried out on parameter α can be found in Castellví (2004) . A and τ are, respectively, the mean ramp amplitude and frequency for the corresponding scalars. Appendix A 1 describes a practical method for estimating ramp dimensions and the parameter α [Eq. (A.6)], 2 which avoids the need for calibration (Castellvi, 2004) . Wind speed at a reference level is required 3 for solving Eq. (A.6) because it depends on the friction velocity, u * , and the stability function for 4 the transfer of a scalar, φ(ζ), with ζ the stability parameter defined as ζ=(z-d)/L O, where d is the 5 zero-plane displacement and L O is the Obukhov length. Nevertheless, cup anemometers are robust 6 and low-cost. 7
According to similarity theory, the function φ(ζ) for heat, φ h (ζ), and for water vapour, φ q (ζ), 
where: k≈0.4, von Kármán constant; g, gravity acceleration; T, mean absolute temperature; E, water 12 vapour flux. Combining Eqs. (1) and (A.5), the Bowen ratio (β), defined as β=H/λE, can be 13 estimated as: 14
where the function S n (r) is defined in Eq. (A.1) in Appendix A. Equation (4) assumes that 16
(r xq /r xT ) 1/3 ≈1, i.e. the ramp frequency for any scalar should be similar and the 3 rd order 17 structure function for temperature and humidity approximately peak at the same time lag. When net 18 radiation (R n ) and soil heat flux (G) are available and the simplified surface energy balance equation 19 (R n -G=H+λE) is valid, H and λE can be estimated as follows:
Materials 2
The experiment was carried out at a flat, windy and semiarid site within the Ebro River basin, Spain tall), having full canopy cover. Therefore, the zero plane displacement and the aerodynamic surface 6 roughness length, z o , were estimated as d=0.7 h and z o =0.12 h with h the canopy height (Brutsaert 7 1988) . For practical purposes, the parameter γ  was set to 1.1 (Appendix A). Unlike other days 8 during the study, days 225 and 226 had calm wind conditions. A 3-D sonic anemometer CSAT3, a 9 krypton hygrometer KH20, and a fine wire thermocouple (76 µm diameter) were set up at 1.5 m height. The three wind speed components, air temperature and humidity were recorded at 10 Hz. 11
Half-hourly R n and G were also measured. and (R n -G)>0. A small R Tq value is a necessary condition for non-similarity but not sufficient to 5 conclude that the stability functions φ h (ζ) and φ q (ζ) are different (McNaugthon and Laubach, 1998).
6
Therefore, a lack of similarity may have a minor impact in Eq. (4), which assumes φ h (ζ)/φ q (ζ)=1.
7
When upwind fetch is limited, it is possible to take measurements close to the canopy and use SR 8
analysis. Under windy conditions, however, it may be difficult to detect well formed ramps in the 9 scalar traces over short vegetation, because of the high absorption of momentum, unless 10 measurements are taken at very high frequency. For sensible heat measurements, the combination 11 of Eq. (1) and Eq. (A.6) agreed well with a sonic anemometer when measuring slightly above the 12 adjusted surface layer (Castellvi, 2004) . It was therefore decided to measure the scalar traces 1.0 m 13 above the canopy top within the inertial sub-layer. The roughness sub-layer depth was estimated as 14 twice the canopy height (Brutsaert, 1988) . 15
The following sets of H and λE values were obtained for half-hour periods. A) Using the eddy 
Results 21
The energy balance closure of the eddy covariance method and SR analysis was evaluated by 22 simple linear regression between R n -G (independent variable) and either H EC +λE EC or H SR +λE SR 23 (dependent variables) and computation of root mean square error (RMSE) ( Table 1 ). The regressionslope and intercept are not easy to interpret. Beside uncertainties derived from neglected terms in 1 the energy budget, other factors such as horizontal and vertical advection and measurement errors 2 may play a key role. Moreover, such uncertainties are variable in time (Laubach and Teichmann, 3 1999). However, SR analysis provided determination coefficients (R 2 ) and regression slopes closer 4 to 1.0 and lower bias and RMSE than using EC whatever the stability conditions and for the whole 5 data set. Although not listed in Table 1 , the worst performance was obtained for samples where u * < 6 0.25 m s -1 (calm winds and stable conditions) for both eddy covariance and SR analysis. The values 7
shown in Table 1 
23
and λE BR-SR had some outliers that distorted the statistics [ Fig. (1) ]. Whatever the stability conditions, H SR provided good estimates of H. Consequently, λE estimates determined as λE BR-SR =(R n -G)-H SR were excellent. For the entire data set, the regression slope, intercept, R 2 and RMSE 1 were 0.93, 3.5 W m -2 , 0.98 and 15 W m -2 , respectively (not listed in Table 2 ). The use of the Bowen 2 ratio, either H BR-EC or H BR-SR , performed poorly under stable conditions. As with the latent heat flux 3 measurements, some outliers distorted the statistics [Fig. (1) ]. Under unstable conditions the 4 performance was excellent. The Bowen ratio method had some outliers suggesting that smoothing 5 routines might improve the results. The best H estimates were obtained using SR analysis. 6
Summary and concluding remarks 7
It is known that the closure of the surface energy budget is not guaranteed even measuring the (r xq /r xT ) 1/3 ≈1, was realistic under unstable conditions butuncertain under stable conditions. The uncertainty may be due to a lack of fetch. From the equations 1 shown in Appendix A, it is easy to demonstrate that perfect correlation (R Tq =1) necessarily implies 2
(r xq /r xT ) 1/3 =1. Hongyan et al. (2004) showed that ramp patterns from temperature and water 3 vapour showed little difference in an experiment carried out over rice under unstable conditions. 4
≈1 is a reasonable assumption at least under unstable conditions. 5
Overall, this experiment suggests that SR analysis is feasible for estimating sensible heat flux. To 6 our knowledge, little has been published on use of SR for latent heat flux, but seems to work well. 7
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